Abstract New concepts for an impact actuated micro shift valve are presented which are useful, e.g. as implant for the hydrocephalus disease. Such an implant must fulfil requirements, such as using biocompatible materials, a separation of the actuator from the fluid, MRT safety and low-energy consumption in order to allow a battery-powered system. The concepts are based on the impacts that transmit an impulse into the interior of the valve through the casing, switching the valve. In order to predict the energy transmitted into the valve, an elastic multibody model is created, verified with full finite element simulations and experiments on scaled-up models. Using this model, the most important effects and parameters are discussed. Also, fluid effects are included into the elastic multibody model for a qualitative assessment of its influence on the efficiency. The simulations are compared to experiments performed with a scaled model for two different cases. Two designs of a shift valve based on impact actuation are built as prototypes and tested.
Introduction
In many technical devices or systems, shift valves are used to control the fluid flow. Due to the multiple applications, they can be found in many areas of industry and everyday life, such as air conditioning systems, drinking water systems, cooling circuits of machines or household appliances. One important aspect for some applications of shift valves is media separation, meaning that there is no contact between the environment and the fluid within the valve. This is important, e.g. in cases where purity demands for the media are extreme or the fluid is harmful. State-of-the-art shift valves with media separation usually contain deformable membranes which either block or enable the flow. Hereby, the actuation of the membrane often is done by a solenoid. When using a solenoid as an actuator for a membrane valve, one faces the disadvantage that the membrane keeps the deformed state only if energy is supplied to the system. A very special application for shift valves is the therapy of the hydrocephalus disease. Hereby, an implanted shift valve is used as a shunt that drains off the excessive cerebrospinal fluid from the ventricular system of the patient. Today, passive shunt valves are available whose opening characteristics are controlled by the static pressure in the ventricular system and, therefore, cannot be shifted from outside. Yet, this option to actively shift the valve should open new therapy and diagnosis options for the hydrocephalus disease. Additional to the above-mentioned media separation in this application, the MRT safety of the valve is required, meaning that no ferromagnetic material is allowed in the shift valve, as this would execute a harmful force on the tissue when exposed to the strong magnetic fields in an MRT apparatus.
A new concept is presented in the following based on impact actuation, especially meeting the requirements of an implantable, actively shiftable valve. However, it can also be used in other applications. The successful design of such a valve depends on a deeper understanding of the parameters and effects occurring during impact. Therefore, an elastic multibody model is created capable of capturing the most important effects. This model is validated by experiments and verified by full finite element simulations on a scaled-up model. It is also extended to include fluid effects such as the squeeze-film effect. The gained understanding of impacts is used to create two designs which are not only simulated, but also tested with demonstrators.
Concepts for an impact actuated shift valve
During the investigations made to understand the shifting process and the impact, different valve designs were made. The principle of the valve and the boundary conditions for the development are listed at first. Different impact actuators that might be used are explained briefly. Some of the analysed designs are introduced here which hopefully makes it easier to understand the following simulation models and experiments.
Principle of operation
The proposed concept of a shift valve with separated media is based on a body inside the valve which can be in two distinct positions. One allowing fluid flow and one blocking the fluid flow as depicted in Fig. 1 . It is the basic idea to transmit energy by an impulse wave or deformation from actuators ('open' and 'close') into the valve chamber to the sphere which will switch its position. A spring in the valve chamber prevents the sphere from an unintended shifting; on the other hand, the spring must not be too stiff, so that shifting is not impaired.
Besides showing media separation, this valve concept has the following advantages:
• All parts of the valve that come into contact with the fluid can be made of inert materials such as stainless steel, titanium or plastic material that do not show harmful interactions with the fluid. In particular the materials can be chosen with respect to the requirement of the above mentioned MRT safety.
• The characteristics of the impact actuation allows the overcoming of breakaway effects of the sphere as it provides the biggest force on the sphere at the beginning of its movement.
